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RESUME 



On a effectue en 1987 une etude sur la vegetation pres de 1 'Albright 
and Wilson Americas, usine de chlorate de sodium situee a Thunder 
Bay (Ontario), une etude semblable avait deja ete effectuee en 
1982. 

Le deperissement terminal des peupliers noirs qui se trouvent pres 
de l'usine s'est aggrave entre 1982 et 1987. Toutefois, les auteurs 
ne considerent pas que ce phenomene soit cause par les emissions 
provenant de l'usine. 

Les lignes directrices du Ministere relatives a la concentration de 
polluants dans le feuillage et les filtres gamis de mousse vegetale 
places la a titre experimental ont ete respectees. On a remarque 
cependant que les concentrations de chlorures, de chrome et de 
sodium, relevees pres de 1 'Albright and Wilson Americas, etaient 
legerement plus elevees que les seuils prescrits. La concentration 
de ces trois elements diminue a mesure que l'on s'eloigne de 
l'usine. 

L'etude revele que l'usine de chlorate de sodium emet peu de 
chlorures et de sodium, et encore moins de chrome. A 1'heure 
actuelle, il ne semble pas que ces emissions causent des problemes 
environnementaux. Les auteurs recommandent toutefois d' effectue r 
d'autres etudes. 



-2- 



INTRODUCTION 



Albright and Wilson Americas (formerly ERCO Industries 
Limited) manufactures sodium chlorate, a bleaching agent used by the 
pulp and paper industry. In 1982, the Ministry of the Environment 
conducted a monitoring program near this plant in response to a 
complaint of alleged vegetation dieback. 1 Snow sampling and 
vegetation assessment surveys were conducted in 1982, as well as a 
moss exposure experiment. These studies showed that while some 
elements were slightly elevated, they were still within normal 
ranges. Balsam poplar ( Populus balsamifera ) and trembling aspen 
( Populus tremuloides ) trees north and east of the company's 
perimeter fence showed signs of severe dieback. This condition was 
attributed to local flooding, unrelated to air emissions from the 
plant. 

In 1987, a follow-up study was conducted, comprising vegetation 
sampling and moss bag exposure. 



METHODS 



Vegetation was collected from the same 17 sites (plus two 
controls) used in 1982. One new sampling site (station 18) was 
added in 1987 to improve the geographical distribution of the 
sampling points (Figure 1). Balsam poplar leaves were collected at 
all sites except at sites 1, 10, 11 and 18. Foliage from speckled 
alder ( Alnus rugosa ) shrubs was also sampled at all sites except 
numbers 1, 2, 3, 13, 14, 16 and 17. In late June, 1987, vegetation 
near the Albright and Wilson Americas plant was examined for 
evidence of stress due to insects, disease, contaminants or 
physiological factors. Moss ( Sphagnum sp. ) in polypropylene-mesh 
bags was exposed for six weeks at all 18 sites. 
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Vegetation and moss were analyzed for barium, calcium, 
chloride, chromium, magnesium and sodium, all of which are elements 
associated with the production processes at Albright and Wilson 
Americas. Chloride analysis was performed at the Ministry's Toronto 
laboratory. All other elements were analyzed by the Ministry's 
laboratory in Thunder Bay. Standard Ministry field sampling 
procedures were used throughout. 2 



RESULTS 
Vegetation 

Infestations of alder sawfly ( Eriocampa ovata ) were observed on 
speckled alder at some sites in June. In early August, this 
infestation had developed to a severe level. Minor injury caused by 
other insects was also observed in foliage of balsam poplar, willow 
and alder. 

Most of the mature balsam poplar trees north and east of the 
company's perimeter fence were dead, but still standing. The few 
remaining live trees showed signs of severe dieback. Other 
vegetation in the area appeared normal. In contrast to 1982, the 
ground in the area was not flooded, although the soil was very soft 
and moist. 

Tables 1 and 2 compare chemical analysis data for balsam poplar 
and speckled alder foliage in 1982 and 1987. There were no 
exceedences of Ministry contaminant guidelines for chromium, 
magnesium and sodium in vegetation in 1987. Currently, there are no 
guidelines for barium, calcium or chloride. Chloride, chromium and 
sodium in foliage were slightly elevated above controls at sites 
near the Albright and Wilson plant, but were still within normal 
background ranges. With the exception of barium, which increased at 
most sites from 1982 to 1987, there were no significant differences 
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in average element levels between the two surveys. There is an 
apparent decrease in chromium, but this is related to the higher 
analytical detection limit for this element in 1982. 

A Pearson correlation analysis was performed for both types of 
vegetation. The balsam poplar analysis produced the most conclusive 
results (Table 3), showing a strong correlation between sodium and 
chloride levels in both 1982 and 1987. This relationship indicates 
that these two elements came from the same source. There was also 
significant negative correlation in 1987 between chloride and sodium 
levels and the distance of sampling sites from the raw material 
loading zone at the plant. This finding suggests that the loading 
zone was a source of airborne sodium and chloride; as the distance 
of the sampling site from the loading area increased, the levels of 
sodium and chloride decreased. 

The statistical analysis of the speckled alder data revealed 
few significant correlations of interest (Table 4). The severe 
insect defoliation of this shrub, coupled with the small number of 
sampling sites, created problems in data interpretation. 

Isopleths for sodium levels in 1987 balsam poplar foliage 
(Figure 2a) support the correlation matrix data. Levels were 
highest near the raw material loading zone and decreased as distance 
from this location increased, The isopleths for chloride in 1987 
balsam poplar were similar to those for sodium (Figure 2b). 



Moss bags 

In moss, average levels of the elements analyzed showed some 
variation between 1982 and 1987 (Table 5). Most of these 
differences were probably related to different background levels of 
elements in the two batches of moss used in each survey. These 
background differences create interpretation problems in assessing 
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the data. Apart from this difficulty, the 1987 data showed an 
apparent increase in chloride and sodium compared with 1982, The 
highest level of chloride occurred at site 9, while the highest 
concentration of sodium was recorded at site 1. Both these sites 
are close to the sodium chlorate plant. The Ministry's contaminant 
guideline for chromium was not exceeded. 

A correlation matrix (Table 6) shows results similar to those 
for balsam poplar. In 1987, there was a strong correlation between 
sodium and chloride. Good correlations were also found between 
concentrations of these two elements and distance from the plant. 
These findings support the results from balsam poplar, providing 
further evidence that Albright and Wilson Americas is a source of 
airborne sodium and chloride. The correlations between barium and 
calcium, and between magnesium and calcium, reflect the natural 
occurrence of these elements in moss and do not implicate Albright 
and Wilson Americas as a source. 

A second type of correlation was performed to see how well the 
element levels in moss were related to those in vegetation 
(Table 7). In 1987, there was significant correlation between 
sodium in moss and sodium in balsam poplar. 



CONCLUSIONS AND RECOMMENDATIONS 



A vegetation assessment survey conducted in the vicinity of 
Albright and Wilson Americas in 1987 revealed no serious 
environmental problems. The 1987 data were generally consistent 
with those from a similar study in 1982. Some elements were 
elevated above the control values, but were not high enough to cause 
adverse affects. The Ministry guidelines for chromium, magnesium 
and sodium in vegetation were not exceeded, nor was the guideline 
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for chromium in moss. Although there are no guidelines for other 
elements examined in this study, the concentrations of these 
elements appear to be within the normal background ranges expected 
in areas remote from pollution sources. 

Sodium levels increased from 1982 to 1987. Sodium and chloride 
were highest in foliage nearest the company's plant and decreased as 
distance from the plant increased. This evidence suggests that 
Albright and Wilson Americas is a minor source of airborne sodium 
and chloride. The results of our study also suggest that the plant 
emits chromium from its processing vents, although in amounts which 
are probably insignificant at this time. 

The 1982 and 1987 studies indicate that air emissions from the 
Albright and Wilson Americas plant are not responsible for the 
decline of nearby trembling aspen and balsam poplar trees. 

We suggest that the Ministry continue its surveillance program 
in the vicinity of Albright and Wilson Americas. A snow sampling 
survey should be conducted and its results compared to those of 
1982. 
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Figure I. Moss exposure and vegetation sampling sites, Albright and Wilson Americas, 
Thunder Bay , 1987 
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Figure 2a. Levels of sodium (pg/g) in balsam poplar, 1987. 



Figure 2 b. Levels of chloride (percent) in balsam poplar, 1987 



TABLE 1. Levels of selected elements in balsam poplar foliage collected in the vicinity of Albright and 
Wilson Americas in 1982 and 1987. (All measurements in /jq/q, dry weight except calcium-, 
chloride and magnesium which are in percent dry weight.) 





Dist. 
A a 


Dist. 
B b 


Barium 


Cal 
1982 


::ium 
1987 


Chic 
1982 


ride 
1987 


Chromium 
1982 1987 


Magne 
1982 


sium 

1987 


Sodium 


Station 


1982 


1987 


1982 


1987 


1 


60 


180 


5 




1.0 




0.22 




<2.0 




0.5 




200 




2 


110 


220 


4 


7 


1.4 


1.3 


0.13 


0.19 


<2.0 


<0.4 


0.5 


0.3 


73 


110 


3 


200 


320 


7 


10 


1.4 


1.4 


0.12 


0.10 


2.0 


<0.2 


0.5 


0.5 


<25 


40 


4 


100 


160 


2 


12 


0.9 


1.6 


0.11 


0.42 


<2.0 


0.7 


0.4 


0.4 


73 


270 


5 


120 


110 


8 


9 


0.8 


1.1 


0.21 


0.19 


<2.0 


0.7 


0.4 


0.3 


190 


150 


6 


160 


170 


4 


7 


0.9 


1.1 


0.25 


0.29 


<2.0 


0.5 


0.3 


0.4 


180 


120 


7 


260 


300 


3 


12 


0.8 


1.0 


0.12 


0.11 


<2.0 


<0.3 


0.4 


0.3 


160 


110 


8 


160 


100 


2 


9 


0.6 


1.2 


0.16 


0.19 


<2.0 


<0.4 


0.4 


0.7 


52 


110 


9 


150 


40 


12 


7 


1.4 


1.1 


0.09 


0.16 


<2.0 


1.4 


0.2 


0.3 


150 


130 


12 


200 


170 


5 


15 


1.3 


1.4 


0.13 


0.12 


5.5 


0.6 


0.4 


0.3 


61 


110 


13 


120 


160 


12 


14 


1.5 


1.4 


0.13 


0.23 


<2.0 


0.5 


0.2 


0.2 


120 


210 


14 


170 


210 


8 


10 


1.9 


1.5 


0.12 


0.16 


<2.0 


<0.2 


0.4 


0.4 


110 


200 


15 


250 


270 


5 


19 


1.0 


1.5 


0.09 


0.10 


<2.0 


<0.3 


0.3 


0.4 


43 


77 


16 


110 


220 


10 


7 


1.7 


1.2 


0.11 


0.11 


<2.0 


<0.2 


0.3 


0.2 


96 


120 


17 


200 


300 


4 


16 


2.1 


1.7 


0.06 


0.06 


<2.0 


<0.3 


0.3 


0.2 


<25 


52 


Controls 






11 


22 


1.2 


1.3 


0.01 


0.02 


<2.0 


<0.3 


0.4 


0.4 


<25 


<10 


Contaminant gui 


delines 














8.0 




0. 


7 




350 



o 

I 



"Distance (metres) from sampling site to raw material loading zone (see Figure 1). 
Distance (metres) from sampling site to process vents (see Figure 1). 



TABLE 2. Levels of selected elements in speckled alder foliage collected in the vicinity of Albright and 

Wilson Americas in 1982 and 1987. {All measurements in jjq/g dry weight except calcium, chloride and 
magnesium which are percent dry weight). 



Station 



Dist. Dist. 

A* B b 



Barium 
1982 1987 



Calcium 
1982 1987 



1982 



Chloride 
1957 



Ch romium 

1982 



Magnesium 



1987 195 



¥ 



1987 



Sodium 

1982 1987 



4 

5 

6 

7 

8 

9 

10 

11 

12 

15 

18 



100 
120 
160 
260 
160 
150 
220 
290 
200 
250 
240 



160 
110 
170 
300 
100 
40 
110 
170 
170 
270 
140 



20 

6 

6 

11 

10 

14 

17 

13 

4 

15 



13 
10 
13 
12 
10 

7 
28 
35 
33 

9 
20 



0.8 
0.7 
0.9 
0.8 
1.2 
1.3 
0.8 
0.9 
0.9 
0.9 



1.0 
0.8 
0.9 
0.8 
0.7 
0.5 
1.0 
1.1 
0.1 
0.6 
0.8 



0.21 
0.35 
0.22 
0.57 
0.51 
0.66 
0.21 
0.09 
0.29 
0.09 



0.41 
0.38 
0.80 
0.74 
0.48 
0.20 
0.31 
0.13 
0.23 
0.25 
0.27 



<2.0 
2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 
<2.0 



0.6 

1.4 
<0.5 
<0.4 
<0.4 

1.4 
<0.3 
<0.2 

1.0 
<0.3 
<0.4 



0.3 
0.3 
0.2 
0.3 
0.5 
0.4 
0.2 
0.2 
0.3 
0.2 



0.2 
0.2 
0.2 
0.2 
0.3 
0.1 
0.2 
0.3 
0.2 
0.2 
0.2 



73 
200 

73 
<25 
<25 

73 
150 

39 
<25 

39 



51 
42 
49 
35 
43 
63 
43 
45 
87 
27 
40 



Controls 



28 



16 



1.0 



0.8 



0.06 0.03 



<2.0 <0.3 



0.3 



0.2 



<25 



8 



Contaminant guidelines 



8.0 



0.7 



350 



'Distance (metres) from sampling site to raw material loading zone (see Figure 1). 
'Distance (metres) from sampling site to process vents (see Figure 1). 



TABLE 3. Correlation matrix of selected elements in balsam poplar foliage and distances from two possible 
air emission sources at Albright and Wilson Americas, 1982 and 1987. 







Barium 


Calcium 


Chloride 
1982 1987 


Chromium 
1982 1987 


Magnesium 
1982 1987 


Sodium 






1982 


1987 


1982 


1987 


1982 


1987 




Ca 


1982 
1987 


.45 
-.16 


.10 
.63* 


.52* 






















CI 


1982 
1987 


-.15 
- 20 


-.47 
-.26 


-.58* 
-.43 


-.56* 

.02 


.42 


















Cr 


1982 


-.07 


.28 


.05 


.13 


-.05 


-.21 


















1987 


.38 


-.22 


-.19 


-.27 


.11 


.38 


.11 














Mg 


1982 


-.52* 


-.16 


-.32 


-.02 


.29 


.08 


.28 


-.30 










i 




1987 


-.48 


-.21 


-.52* 


-.05 


.37 


.23 


-.02 


-.20 


.36 








I 


Na 


1982 


.24 


-.47 


-.37 


-.73* 


.68* 


.31 


-.27 


.47 


-.02 


-.23 










1987 


.14 


-.11 


-.11 


.11 


.13 


.78* 


-.18 


.35 


-.10 


-.06 


.39 






Dist. 


A a 


-.22 


.57* 


.02 


.03 


-.41 


-.61* 


.25 


-.33 


-.07 


.04 


-.38 


-.59* 




Dist. 


B b 


-.30 


.42 


.34 


.37 


-.35 


-.47 


.01 


-.78* 


.31 


-.18 


-.46 


-.48 





* Denotes a significant Pearson correlation for pairs of variables at P <0.05. 
"Distance from sampling site to raw material loading zone. 
Distance from sampling site to process vents. 



TABLE 4. Correlation matrix of selected elements in speckled alder foliage and distances from two possible air 
emission sour.os at Albright and Wilson Americas, 1982 and 1987. 



1982 



Barium 

1987 



1982 



Calci um 
1987 



Chl oride 

1982 



1987 



Chromium 
1982 1987 



Maqnesium 



198 



gn 



T9T7 



Sodium 
1982 1987 



Ca 


1982 




1987 


CI 


1982 




1987 


Cr 


1982 




1987 


Mg 


1982 




1987 


Na 


1982 




1987 


Dist. 


A d 


Dist. 


B b 



.05 
.45 
.18 
.28 
.38 
.30 
.02 
,09 
.05 
.38 
.05 
.00 



-.24 

-.01 

-.49 

-.43 

-.23 

-.24 

-.48 

.22 

-.10 

.39 

.51 

.01 



.36 

.56 

.17 

.48 

.14 

,67* 

,06 

.46 

.32 

,16 

.49 



-.34 
.20 

.11 
-.47 
-.27 

.33 

.39 

-.66* 

.07 
-.01 



.25 

.05 

.44 

.65* 

,03 

,12 

.18 

,28 

,30 



-.02 

-.25 

.11 

.19 

-.08 

-.25 

-.21 

.36 



.57 

,06 

.06 

,74* 

,14 

,37 

,22 



.21 
-.41 

.41 

.56 
-.61* 
-.51 



.40 
.28 

.15 
,54 
,42 



-.23 
-.13 

.04 
-.06 



LU 



-.17 

-.39 -.30 

-.45 -.38 



* Denotes a significant Pearson correlation for pairs of variables at P <0.05. 
^Distance from sampling site to raw material loading zone. 
Distance from sampling site to process vents. 



TABLE 5 Levels of selected elements in moss bags exposed in the vicinity of Albright & Wilson Americas in 
1982 and 1987. (All measurements in ^g/g dry weight except calcium, chloride and magnesium which 
are percent dry weight.) 



Station 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 



Dist. Dist. 
A a B b 



60 
110 
200 
100 
120 
160 
260 
160 
150 
220 
290 
200 
120 
170 
250 



200 
240 



180 
220 
320 
160 

110 
170 
300 
100 
40 
110 
170 
170 
160 
210 
270 
220 
300 
140 



Barium 



1982 1987 



32 

41 
30 
19 
28 
27 
32 
29 
27 
38 
24 
18 
33 
24 
20 
42 
26 



Exposed Controls 28 
Unexposed Controls 20 
Contaminant Guidelines 



33 
35 
34 
47 
32 
31 
47 
31 
44 
31 
27 
43 
29 
34 
35 
41 
39 
31 

23 

32 



1982 



Calci um 

1987 



0.6 
0.6 
0.4 
0.4 
0.6 
0.5 
0.6 
0.5 
0.6 
0.6 
0.5 
0.5 
0.6 



5 

5 

7 

,5 



0.5 
0.7 



0.4 
0.4 
0.4 
0.6 
0.4 
0.4 
0.6 
0.4 
0.6 
0.4 
0.4 
0.5 
0.4 
0.4 
0.5 
0.5 
0.5 
0.4 

0.3 

0.4 



Chloride 
T9"82" 1987 



0.02 
0.03 
0.03 
0.01 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.06 
0.04 
0.02 
0.02 
0.02 
0.02 
0.02 



0.03 

0.02 



0.08 
0.02 
0.02 



0.03 
0.02 
0.03 
0.02 

0.03 

0.09 
0.04 

0.07 

0.03 
0.02 

0.01 

0.03 



Chromium 
1982 1987 



3.0 
<2.0 
5.0 
3.5 
3.5 
3.5 
5.5 
3.5 
2.5 
3.0 
3.5 
3.0 
4.5 
<2.0 
2.0 
4.0 
3.0 



4.7 
2.9 
2.1 
3.8 
6.7 
2.7 
4.4 
2.5 
4.6 
2.6 
3.1 
4.4 
3.6 
2.9 
3.2 
3.4 
2.8 
3.2 



4.8 1.8 

<2.0 2.2 

7.0 



Magnesium 
1982 I9~87 



0.10 
0.20 
0.10 
0.10 
0.10 
0.10 
0.20 
0.10 
0.10 
0.20 
0.20 
0.20 
0.20 
0.10 
0.10 
0.20 
0.10 



0.10 
0.10 



0.10 
0.09 
0.10 
0.10 
0.09 
0.10 
0.10 
0.09 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.09 

0.10 



Sod ium 
1982 



1987 



240 
180 
230 
180 
350 
220 
290 
240 
220 
300 
390 
140 
260 
280 
220 
250 
240 



200 
60 



780 
320 
230 
510 
320 
240 
340 
210 
240 
190 
250 
310 
490 
250 
380 
270 
220 
170 

82 

73 



"Distance (metres) from sampling site to raw material loading zone (see Figure 
b Distance (metres) from sampling site to process vents (see Figure 1). 



TABLE 


6. Correlat 


.ion 


matrix 


of selected elements in 


moss and distances from two 


possible 


air emission sources 






at Albri 


ght 


and Wil 


son Americas, 1982 and 


1987. 
























Barium 


Calcium 
1982 1987 


Chloride 
1982 1987 


Chromium 
1982 1987 


Magnesium 
1982 1987 


Sodium 






1982 


1987 


1982 


1987 




Ca 


1982 

1987 




.80* 
-.33 


-.17 
.97* 


-.29 






















CI 


1982 
1987 




-.14 

.32 


-.32 
-.22 


-.05 
.57* 


-.36 
-.27 


-.25 


















Cr 


1982 




.12 


.12 


.04 


.07 


-.01 


.13 


















1987 




-.14 


.28 


.19 


.28 


-.12 


.33 


.09 














Hg 


1982 




.31 


-.17 


.61* 


-.18 


.29 


.37 


.10 


.02 










i 




1987 




-.36 


.69* 


-.29 


.77* 


-.25 


-.22 


.19 


.18 


-.13 








Ul 


Na 


1982 




.16 


-.49* 


.25 


-.53* 


.30 


.06 


.23 


.18 


.12 


-.32 










1987 




-.05 


.11 


.06 


.16 


-.23 


.72* 


.05 


.41 


-.13 


.08 


-.18 






Dist. 


A a 




-.30 


-.11 


-.25 


-.08 


-.51* 


-.62* 


.16 


-.31 


.19 


.04 


.37 


-.57* 




Dist. 


B u 




.03 


.19 


-.20 


.13 


.06 


-.09 


.19 


-.34 


-.22 


.02 


-.11 


.04 





*Denotes a significant Pearson correlation for pairs of variables at P <0.05. 
a Distance from sampling site to raw material loading zone. 
Distance from sampling site to process vents. 
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TABLE 7. Correlation matrix of sodium and chloride in balsam poplar 
foliage, speckled alder foliage and moss at Albright and 
Wilson Americas, 1987. 



CI 



Na 



MB 


BP 


SA 


MB 


BP 


.20 






• 




.13 


.26 








.72* 


.55* 


.09 






.61* 


.78* 


-.01 


.67* 




.02 


.03 


-.25 


-.01 


.12 



CI 



Na 



BP* 
SA 2 
MB 3 

BP 
SA 



♦Denotes a significant Pearson correlation for pairs of variables at 
P <0.05. 



Balsam poplar 

2 Speckled alder 

3 Moss bag 
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